Kinetin alleviates cycloheximide inhibition and oxygen alleviates chloramphenicol inibition of germination of lettuce seeds (Lactuca sativa L. cv Grand Rapids). The effect is not due to increased but rather a substitution for protein synthesis. A cytokinin and energy supply appear prime requirements for germination.
In vivo protein synthesis commences rapidly after the start of imbibition of dry seeds and a variety of different proteins are formed during germination (3, 9) . Desiccation during seed ripening plays an important role in diverting protein synthesis from the synthesis of storage proteins to that of proteins characteristic of germination (2, 5) . From such studies, it is tempting to assume that de novo protein synthesis during imbibition is a prerequisite for germination. Direct evidence for this has not been forthcoming.
We produce evidence in this paper that protein synthesis is essential for the germination of lettuce seeds.
MATERIALS AND METHODS Materials
Freshly harvested high vigor seeds (strictly achenes) of lettuce (Lactuca sativa L. cv Grand Rapids) were purchased from a local seed merchant and stored in air-tight glass bottles in the dark at 2°C. Panacide2 was a BDH product. CHX, CA, KIN Petri dishes containing seeds were placed in 5-L transparent plastic bottles with gas-tight lids. A rubber septum was fitted in the lid through which either 10% 02 in N2, air or 100% 02 was passed through a bottle (600 mL/min) for 30 min at the start of an experiment. For ethylene treatments, this gas (100 ,uL/L) was injected through the septum.
Seeds were incubated at 25 ± 0.2°C in the light ( (Table I) .
The combined inhibitory effect of CHX and CA is alleviated fully only by a combination of KIN and 100% 02. GA3 is slightly effective in alleviating inhibition by CA, but ethylene is ineffective. Both hormones are ineffective in relieving CHX and CHX + CA inhibition (Table I) .
Oxygen uptake capacity in air is significantly depressed by CHX + CA (Table II) . Although these inhibitors also depress 02 uptake in 100% 02, the rate of 02 uptake in their presence in 100% 02 is almost 8 times greater than in air (Table II) .
In the absence of protein synthesis inhibitors, 100% 02 enhances protein synthesis ([35S]methionine incorporation in protein) considerably (Table II) . In air and in the presence of 100% 02, CHX + CA almost totally blocks protein synthesis (Table II, Fig. 1 ). The enhanced protein synthesis caused by O + KIN in the absence of protein synthesis inhibitors is paralleled by an increase in synthesis of polypeptides in the range greater than approximately 75 kD and in the range lower than 30 kD (Fig. 1) .
DISCUSSION
Our results clearly show that KIN alleviates inhibition of germination by CHX and 100% 02 alleviates CA inhibition. Although KIN + 100% 02, in the absence of inhibitors, stimulated protein synthesis, no stimulation was observed in the presence of the inhibitors. Therefore, we conclude that the alleviatory effect of KIN and oxygen is not due to increased protein synthesis but to a substitution for the need for protein synthesis.
CHX and CA, at the concentrations used in our study, are widely used to block, respectively, 80S and 70S ribosome protein synthesis (10) . If this was the case in our study, it appears that the initiation of germination has an absolute requirement for cytosolic protein synthesis and a relative requirement for organellar protein synthesis, the latter being a function of the ambient oxygen concentration.
Because KIN almost completely alleviated the inhibitory effect of CHX, it appears very likely that kinetin substitutes for the need for cytosolic protein synthesis. Neither GA3 nor ethylene, which have both been strongly implicated in seed germination (13) , were able to alleviate the CHX effect. From these results, it appears likely that protein synthesis is required for the synthesis of a cytokinin required to trigger germination. The question of whether increase in cytokinin levels during germination is a prime cause of germination or is a consequence thereof has not been resolved ( 12 and references therein). However, some studies indicate that cytokinins act as a prime trigger for germination (8, 1 1). Our studies strongly support this view, but in contrast to results of the latter paper (1 1), which concludes that the germination-promoting cytokinins originate from transformations of existing cytokinins, our study suggests strongly that the trigger cytokinin(s) originates from de novo synthesis and requires protein synthesis.
The inhibitory effect observed for CA was clearly a function ofthe ambient 02 concentration. By assuming that CA inhibited the development of mitochondria (for some seeds, a definite need for protein synthesis for mitochondrial development has been shown [7] ), our results could suggest that there is a prime need for energy production for germination. The alleviation of CA inhibition by 100% 02 could have been caused by an increased mitochondrial electron flow and, hence, possibly increased ATP production. This is supported by our finding that 100% 02 increased 02 uptake tremendously even in the presence of CHX + CA. In air, these inhibitors reduced the development of the capacity for 02 uptake markedly.
In conclusion, we postulate that germination of lettuce seeds has an absolute requirement for 80S ribosome protein synthesis. It is possible that this is required for the synthesis of a cytokinin. There is a relative requirement for 70S ribosome protein synthesis and this may be related to a requirement for mitochondrial development and energy production.
It is emphasized that these results were obtained with freshly harvested Grand Rapids lettuce seeds. We have evidence that the response to KIN is lost as seeds age.
